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Description 

High-voltage PMOS transistor 

5 The invention relates to a high-voltage PMOS transistor 
having an insulated gate electrode, a p-conductive 
source region in an n- conductive well and a p- 
conductive drain region in a p-conductive well which is 
arranged in the n well. 

10 

The manufacture of high-voltage transistors in 
integrated circuits, which is known per se, generally 
produces optimized transistors for the desired voltage 
range. This range can extend from more than 10 volts to 

15 150 volts and beyond. A typical application is 
automobile engineering in which, in addition to its 
logic circuit elements, switches for the battery 
voltage levels and for coping with interference pulses 
(bursts) also have to be provided. These high-voltage 

20 transistors can basically be manufactured with 
processes such as are used for CMOS circuits with 
application ranges from 3.3 volts to 5 volts. However, 
this manufacture is costly and expensive because a 
multiplicity of additional masks and process steps are 

25 necessary and/or there is a resulting large space 
requirement for the high-voltage transistor. 

Vertical high-voltage transistors are usually produced 
in an epitaxy layer whose thickness and concentration 

30 has to be optimized for the desired voltage range. The 
layer thicknesses can quickly be 10 /xm or more, which 
can be implemented only by using complex epitaxy 
deposition. The necessary buried layer, its doping and 
formation of contacts with it through the epitaxy layer 

3 5 (sinker) require a number of process steps which are 
specifically necessary for the high-voltage transistor. 
In order to optimize the transistor area, i.e. its 
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lateral extent, the thickness of the epitaxy layer has 
to be adapted to the desired voltage level. 

The attempt to manufacture high-voltage transistors as 
5 lateral transistors in conjunction with a low-voltage 
process for logic transistors gives rise to other 
difficulties. For example, the electrical field 
strengths have to be allowed for in such a way that a 
breakdown, which can lead to malfunctions or to the 
10 destruction of the integrated circuit, does not occur 
at the points of maximum field strength concentration. 
As a rule, this requirement means that a large amount 
of space is required for the high-voltage transistors, 
and thus leads to high manufacturing costs. 

15 

US 6,455,893 Bl discloses a lateral high-voltage 
transistor which requires a smaller amount of space 
because the electrical field strength occurring at the 
highly doped drain is reduced by means of a drain 

2 0 extension and a field plate with less strong doping. 

The described transistor can also be used for CMOSV 
processes with less than 1 fim structure width. However, 
the document indicates that the dielectric strength of 
the transistor is restricted because the retrograde 
25 implantation profile in the edge areas of the drain 
extension leads to a less suitable doping pattern. 

The object of the invention is to specify an improved 
lateral high-voltage PMOS transistor, a mask or masking 

3 0 for the corresponding wells and a method for 

manufacturing the wells. 

The invention achieves this object with the features of 
the independent patent claims. Refinements of the 
35 invention are characterized in further claims. 



A high-voltage PMOS transistor according to the 
invention has the advantage that it can be manufactured 
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with a low-voltage process which is customary per se 
and is not provided per se for the desired high-voltage 
range, with only a small amount of additional 
expenditure. This ensures that the combination of high- 
5 voltage transistors and low-voltage transistors leads 
to improved high-voltage properties but the low-voltage 
properties of the corresponding transistors are not 
adversely affected. In particular, for this reason the 
high-voltage transistor according to the invention has 
10 the advantage that a higher operating voltage is 
permitted. 

The invention has the further advantage that with the 
high voltage which is provided it is not possible for a 
15 breakdown to occur from the p well to the substrate. 

Furthermore, the invention has the further advantage 
that the critical electrical field strength in the p 
well underneath the drain is reduced if the drain 

2 0 contact is biased with a highly negative voltage with 

respect to the source. 

In one refinement of the invention there is the 
advantage that the electrical field strength at the 
25 surface of the structure is reduced, which is known as 
a RESURF effect (RESURF corresponds to "REduced SURface 
Field") . 

For this purpose, a field plate which is arranged on 

3 0 the field oxide is provided above the p well which 

serves as a drift path . 

A further refinement of the invention provides for the 
electrical field strength to continue to be controlled 
35 using a metalization layer of the first metalization 
level which is electrically connected to the field 
plate on the field oxide using a via, and extends 
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laterally over the field oxide in the direction of the 
drain . 

The invention has the further advantage that the charge 
5 carrier concentration in the n well or the p well can 
be controlled in the critical area underneath the drain 
using the claimed mask or masking. 

Finally, the invention has the advantage that it makes 
10 possible a method for manufacturing the n well areas or 
p well areas on the transistor head, i.e. at the edge 
areas underneath the drain which are optimized for the 
voltage provided. 

15 The invention will be explained below in more detail in 
the figures of the drawing using exemplary embodiments. 
The figures serve alone to illustrate the invention and 
are therefore only schematic and not to scale. 
Identical elements or identically acting elements are 

20 provided with identical reference symbols. In the 
drawing : 



25 



Figure 1 is a schematic cross section through a high- 
voltage PMOS transistor according to the 
invention, 



30 



Figure 2 is a detail from the mask for manufacturing 
the n well, in particular on the transistor 
head, 

Figure 3 is a detail of the masking for manufacturing 
the p well, and 



Figure 4 shows a high-voltage PMOS transistor by 
3 5 analogy with the prior art. 



The invention becomes more comprehensible in its 
entirety on the basis of Figure 4 which is a 
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development of the prior art mentioned at the 
beginning. According to Figure 4, an n-doped well 411 
is arranged on a substrate 410. A highly doped p- 
conductive area 415 as a source terminal is provided 
5 inside the n well 411. Next to it a highly doped n- 
conductive area 416 which can serve as a mass terminal 
(body) is arranged. The channel zone K is adjacent on 
the other side of the source region 415 and the gate 
electrode 418, made of polysilicon for example, is 
10 arranged above said channel zone K, insulated by means 
of a gate oxide 417. 

Field oxide areas 413 which have a window for resealing 
the highly doped, p- conductive drain 414 are provided 
in the direction of the drain. Underneath the drain 414 
and the field oxide areas 413, a p-doped well 412 is 
arranged within the n-doped well 411 which extends 
laterally into the channel area. The gate electrode 418 
is lengthened in the direction of the drain 414 to over 
an area of the field oxide 413. This area which lies 
above the p well serves as a field plate for 
controlling the electric field. The area of the p well 
between the drain 414 and the channel K serves as a 
drift area for the charge carriers, and in the lateral 
direction serves for reducing the electrical field. 

In the exemplary embodiment, the high-voltage PMOS 
transistor is symmetrical with respect to the line L. 
In the vertical direction underneath the drain 414, 
30 points A", B" and C" are shown along the doped line L 
serving line of symmetry of the PMOS transistor. At the 
high potential which is present at the drain, the 
distance A'^B" must be dimensioned such that a punch 
cannot occur between the p well 412 and the substrate 
35 410. At the same time, the distance A"-C" must be 
dimensioned such that the critical field strength 
occurring at the point A" is reduced if the drain 
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contact 414 changes from a high potential to a low 
potential (substrate potential) . 

Furthermore, Figure 4 is a schematic illustration of 
5 the manufacture of the n well and of the p well during 
the manufacture of the transistor. In a first step, 
implantation with n ions is carried out over a large 
area in the substrate 410, no mask being provided for 
the implantation in the vicinity of the described 
10 transistor. This is indicated by the uniformly 
distributed arrows and the reference symbol In. 

In a subsequent step, the p well 412 is then 
manufactured. To do this, the area of the n well 411, 
which is then intended to accommodate the channel and 
the source zone, is covered with a mask Mp. First, 
implantation Ip with p ions, for example boron ions, 
which is carried out by means of uniform arrows in the 
window of the mask Mp, produces an implantation region. 
In the subsequent thermal steps, for example when the 
field oxides are produced, the p ions diffuse out so 
that the p well 412 is produced. Compared to the 
document US 4,455,893 which is referred to, the 
advantage is obtained that underneath the channel 
region and the field oxide a well structure is produced 
such as is illustrated in Figure 4. A uniform doping 
profile and thus better field control is produced in 
the edge areas under these regions . 

3 0 In the exemplary embodiment in Figure 4, the p-n 
junction between the p-conductive substrate 410 and the 
n well 411 is virtually flat. Likewise, the p-n 
junction between the well 412 and the n well 411 
underneath the drain 414 is very flat. The distance A ft - 

35 C" is set by means of the diffusion step after the 
implantation. This distance is necessary since the 
spatial charge zone in the vicinity of the point A" 
must not extend as far as the p+ diffusion region of 



20 
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the drain 414. At the same time, a predefined distance 
A" -B 11 is produced in order to prevent a punch between 
the substrate and the p well 412. 

5 Figure 1 describes well shapes which are improved 
further compared to Figure 4. According to Figure 1, an 
n doped well 11 is arranged in a substrate 10, said 
well 11 containing at its surface a highly doped 
p-conductive zone 15 as source or source terminal. In 
10 addition to this source region 15, a highly doped, 
n-conductive area 16, via which the ground connection 
(body) can be formed, is provided. 

The channel K and a p-doped well 12 are firstly 
15 adjacent from the source region 15 in the direction of ; 
the highly doped, p-conductive drain region 14. The 
well 12 extends down underneath the drain diffusion 14 
and laterally underneath the field oxide areas 13 . In 
the exemplary embodiment, the edge areas of the p well 
2 0 12 are made to extend under the gate electrode 18 which 
is insulated from the two wells 11 and 12 and source 15 
by means of the gate oxide 17. 

The gate electrode 18 is embodied, for example, as a 
2 5 polysilicon layer and extends from the gate 18 as far 
as the field oxide 13 in the direction of the drain 14. 
If this highly conductive, lengthened gate electrode is 
arranged above the well 12, it serves as a field plate 
for controlling the electric field in the edge area of 
30 the well 12. At a higher level, the metal 1 level in 
the exemplary embodiment, a metal layer 19 is provided 
above the polysilicon field plate, said metal layer 19 
extending further in the direction of the drain 14 
between the gate and drain above the field oxide. The 
35 metal layer 19 is electrically connected to the gate 
electrode 18 by means of a via 20. 



P2004, 0169 

- 8 - 

Figure 1 illustrates a flat p-doped well 21 underneath 
the drain region, said well 21 being per se unnecessary 
but being advantageously produced in transistors for 
particularly high voltages. The flat p-well 17 is 
5 typically embodied as a retrograde well with boron and 
an energy of less than 150 kV as well as a 
concentration of approximately 10 13 cm" 3 . A short drive- 
in step is carried out. The p well area ends 0.5 fim 
under the silicon surface. This well brings about a 

10 concentration in its well region which is lower than 
the drain doping and higher than the doping with the p 
well 12 . The doping therefore decreases uniformly from 
the drain diffusion in the direction of the substrate, 
as a result of which excessive increases in the 

15 electrical field strength or a breakdown are avoided. 

The invention now provides for the bottom of the p well 
12 to extend deeper into the n well 11 underneath the 
drain terminal 14 than underneath the field oxide 13 
20 and the gate electrode 18. At the same time, the well 
bottom of the n well 11 extends less deeply into the 
substrate 10 underneath the drain terminal 14 than in 
the other areas of the well. 

25 The diffusing out of the p well 12 to different depths 
is controlled by the diffusing out of the n well 11. 
The n well 11 thus has a lower concentration in the 
area underneath the drain zone 14 than, for example, 
underneath the source zone. The concentration 

30 differences in the n well in the lateral direction 
permit the p well 12 to be able to diffuse out to 
differing degrees. To this extent, the diffusing out of 
the p well is controlled by means of the n well 
diffusion. For this reason, the p well extends deeper 

3 5 into the n well underneath the drain than in the 
vicinity of the channel because the n well 11 has 
higher counter-doping in the vicinity of the channel. 
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The shaping of the p well 12, which serves as a drift 
region for the charge carriers on the way to the drain 
14, gives rise to a larger distance A'-C 1 , i.e. in the 
depth underneath the drain, compared to a well with a 
5 flat bottom, thus preventing a premature breakdown. In 
the lateral direction towards the channel, the high 
field strength of the drain region 14 is reduced by the 
effect of the field plates composed of a lengthened 
gate electrode 18 and a metal layer 19. The metal layer 

10 19 is associated here with the first metalization level 
which is used on a standard basis for an integrated 
circuit. Likewise, the via 20 between the metal layer 
19 and the polysilicon electrode 18 is also 
manufactured with process steps which are known per se . 

15 The inclusion of the metal layer 19 in the field plate 
function makes it possible to cause the metal layer 19 
to extend further from the gate electrode 18 in the 
direction of the drain 14 than would be allowed by the 
lengthened gate electrode 18 alone. The cause of this 

20 is the greater distance between the p well 12 and the 
metal layer 19 in this area. This results in a reduced 
surface field strength (RESURF-REduced SURface Field) . 

The reduced doping concentration in the drift region of 
25 the p well 12 is additionally controlled by the masking 
which is used for the p implantation and is described 
below with reference to Figure 3 . 

It has become apparent that with a high-voltage PMOS 
30 transistor according to Figure 1, on the one hand the 
dielectric strength is increased owing to the large 
distance between the points A 1 and C 1 , and on the other 
hand the distance A 1 -B 1 is sufficiently large to 
prevent a punch from the p well 12 to the substrate 10. 

35 

The manufacture of the wells 11 and 12 with a 
corresponding mask or masking will be explained below. 
The manufacture of the mask or masking is carried out 
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with the materials and methods which are usually used 
in semiconductor technology. First, for a transistor 
structure according to Figure 1, the n well 11 and then 
the p well 12 are produced on the semiconductor 
5 substrate before the field oxide areas 13 and the 
further highly doped areas for the source and gate or 
body are manufactured. 

A mask Mn, which is outlined in a basic form above the 
10 transistor in Figure 1, is manufactured on the undoped 
wafer as a first step. In the process, the mask is 
applied in such a way that areas 21 and 22 through 
which no implantation of ions is possible are produced. 
Then, an ion implantation In in which phosphorous ions 
15 are implanted with an energy of 300 kV and a dose of 
preferably 8.3 x 10 12 cm" 3 is carried out through the 
window Wn and the areas lying outside the mask part 22. 
Phosphorous ions which are more mobile than, for 
example, arsenic ions, are preferably implanted during 

2 0 the thermal dif f using-out process so that, with the 

exception of the shaded areas 21 and 22, a relatively 
uniform distribution of the doping of phosphorous is. 
produced in the well 11. 

25 The mask which is used here is illustrated in the basic 
form with reference to Figure 2. The masking 21 covers 
the central area of the drain. A further cover 22, 
which lies between the areas of the drain zone which is 
provided and the source diffusion which is provided, is 

3 0 provided at a distance from the drain cover 21. In the 

exemplary embodiment of Figure 2, this further cover is 
embodied in a strip shape. The mask Mn which is 
outlined in Figure 1 is illustrated as a cross section 
along the line 1A and IB through the mask in Figure 2. 

35 

The outer area of the transistor, which is 
characterized as a transistor head TK in Figure 2, and 
lies perpendicularly to the plane of the drawing 
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Figure 1, is configured here in such a way that the 
drain cover 21 is first widened by twice the distance F 
and the drain cover then ends in a semicircular shape 
towards the transistor head. In a corresponding way, 
5 the area 22 between the drain and source which is 
applied in the form of a strip is also applied as a 
circular section at a distance from the drain cover. Of 
course, there is no need for a circular shape of the 
drain cover and of the further cover 22 in the area of 
10 the transistor head. Polygonal sections which extend 
linearly in certain sections could equally well be 
placed one against the other in order to form the mask 
termination of the transistor head. 

15 Subsequent to the n well 11, the p well 12 is also 
implanted with a masking Mp. Figure 1 also shows the 
section at the point 1A-1B. Outside the area of the p 
well which is provided, a masking 2 3 is provided over 
the entire surface. A window Wp in which cover areas 24 

2 0 which lie one next to the other, come to a tip 
conically in the direction of the drain zone and are 
spaced apart from one another is first produced in the 
vicinity of the p well which is provided. The narrow 
side of the conical cover starts at a distance from the 

2 5 partial masking 23 and then extends in a conically 

increasing fashion in the direction of the provided 
drain region or the central area Z of the transistor. 
Areas through which implantation can be carried out 
remain exposed between the conical covers . The central 

3 0 area Z of the p well which is provided remains free of 

covering . 

The mask according to Figure 3 reduces the effect of 
implantation area by means of the areas 24 and 25, by 
35 using these conical or cylindrical masking strips so 
that the dose of the p implantation becomes smaller in 
the region of the drain zone. This is necessary since 
lower doping of the n well and thus lower counter- 
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doping of the n well is present in the vicinity of the 
drain zone. 

A plurality of cover strips 25 which extend in an arc 
5 shape at a distance from one another and which extend 
virtually in parallel in the exemplary embodiment in 
Figure 3 are arranged in the area of the transistor 
head TK at the end- side area of the transistor. 

10 Implantation Ip with p ions, for example boron ions, is 
subsequently carried out through the exposed areas Wp 
which are not covered by the masking. This implantation 
is carried out in two steps, once with, for example, an 
energy of 3 00 kV and a dose of 5 x 10 12 cm" 3 , and in the 

15 second step with an energy of, for example, 150 kV and 
also a dose of 5 x 10 12 cm" 3 . Of course, both the energy 
and the dose can be changed depending on the type of 
manufacturing process used. The stated doses relate 
here to a process using technology with a structure 

2 0 width of 0.3 5 /xm. 

With the implantation with, for example, boron, the 
effective p doping is lowest near to the drain region 
since the conical mask sections 24 are almost in 

2 5 contact and as a result few p ions penetrate the 
silicon in this area. However, the net doping is 
decisive for the potential distribution. Since the n 
well also has lower doping in the drain region, the 
decrease in the p doping is compensated by the masking 

30 sections 24. The p well is deepest directly under the 
drain contact. The p-n junction migrates from there to 
the surface in the direction of the source. 

The masking of Figure 3 for the p well 12 causes a 
35 largely homogeneous drop in potential to form in the 
area between the source and the drain. Here, a drift 
doping channel which takes different forms and in which 
the flow of current from the source to the drain 
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follows the direction of the indicated arrows S is 
produced between the source and the drain. 

Subsequent to the implantations for the n well and p 
5 well, temperature steps are carried out which ensure 
that the dopant atoms are distributed within the 
respective well in such a way that they bring about the 
desired function. This can be done by means of special 
diffusion steps and in conjunction, for example, with 

10 the manufacture of the field oxide areas 13. Overall, 
the masking steps and the implantation of the p well 12 
cause the electrical field to be set both in the 
vertical and lateral directions in such a way that 
there is no excess increase in the field strength, 

15 which could lead to a breakdown. As a result, high- 
voltage PMOS transistors of the type according to the 
invention, which can be operated with operating 
voltages of 50 volts and above can be produced in a 
low-voltage process which is conceived per se for 

20 voltages up to 5 volts. 



